This paper aims to identify the risks present in the flame tube boilers of one University Hospital using process FMEA tool. It was used an exploratory methodology of nominal qualitative type. On this basis, we proceeded with bibliographic analysis, methodologies, references, on-site visits, and studies of investments made in steam generators. We obtained as a result a dossier with information relevant to the identification of procedures that have higher incidence of risk in flame tube boilers.
Introduction
The sharp industrial growth, resulting from technological advances, has developed several job opportunities, strengthening the competitiveness of organizations with the need to improve industrial processes that resulted in larger and more complex plants. This fact also increased pollution and industrial accidents that draw the attention of government entities (Moraes, 2010) .
In this context, the improvement of the Work Security and Health (WHS) sector results on a reduction of risks of accident, leading to the preservation of health and improving the operating performance of employees. It also, enhances the company's image in the market, designing new growth opportunities (Oliveira, 2010) . The growing concern about industrial safety in organizations tends to result in the reduction of labor risks intrinsic to the work environment and the operating procedures of the different activities.
Work safety is related to the prevention of accidents and the preservation of workers' health.
Therefore, its purpose is prophylactic in order to anticipate risks.
The term "risk" means the probability of a bad outcome, and "risk management" is the set of instruments that the organization uses to plan, operate and manage its activities in exercising the risk control function. 
Evolution of Prevention
The prevention of damage for the employ- Extending these studies, the engineer Eduard Frank Bird Jr. analyzed accidents in 297 companies, which represented a sample of 21 groups of different industries, reporting a ratio of 1 disabling injury for every 10 minor injuries, 30 accidents with property damage and 600 incidents.
In 2003, Marine showed that for every death there are at least 300,000 risky behaviors (Freibott, 2014) . From this ratio, it is possible to conclude that actions should be directed to the base of the pyramid, not just to events that result in severe or disabling injury.
Risk Management in Boilers
Risk management can be defined as: identification, evaluation and ranking the priority of risks (Cagnin, Oliveira, Simon, Helleno, & Vendramini, 2016) . The process of risk management starts primarily with the identification and analysis of risks of accidental losses that threaten the organization. According to the Norm NBR ISO 31000:
2009, the term "risk" can be characterized as the effect (positive or negative) of uncertainty on determined objectives. Thus, risk analysis involves identification, recognition, evaluation and gradation of risks followed by controls in order to mitigate the probability of the causes occurrence and risk effects. The risk management process according to ISO 31000 as it is shown in Figure 1 . Ruppenthal (2013) defines the risk management, in its turn, as a methodology that aims to increase confidence in the ability of an organization to predict, prioritize and overcome obstacles to achieve goals. Thus, comprises efforts in trying to eliminate, reduce, control or yet finance the risks, if economically viable. Therefore, it concerns the management of fault possibilities in order to prevent it from happening.
In this context, risk management is the systematic practice of selecting necessary actions to minimize or avoid the materialization of potential causes that can lead to the occurrence of accidents. Risks cannot be fully avoided, but can be minimized into tolerable levels set by the company or the process under analysis. For risk management, the problematic consists primarily in knowing and analyzing the risks and accidental losses that threaten the organization.
This identification is the process by which the accident risk situations are analyzed continuously and systematically (De Cicco & Fantazzini, 2003; Moraes, 2010) .
Management of Risk in Boilers
The NR 13 of the Ordinance 3.214/78 of the Ministério do Trabalho e Emprego (MTE), defines boilers as all the equipments that, simultaneously, generate and store water steam or other fluid (Brasil, 2017) . The risk of accident of such equipment tends to increase as the material's allowable stress and wall thickness are reduced.
The boilers are classified in the following categories: (i) A: the operating pressure is equal to or bigger than 1960 KPa or 19.98 Kg/cm²; (ii) B: the operating pressure is equal to or less than 588 KPa, or 5.99 Kgf/cm² and the inner volume is equal to or greater than 100 liters; and (iii) Class C: all those that are not included in the categories above. The boilers of category "A" provide the highest risks, while the ones in category "B" represent the lowest risks (Brasil, 2017) . As for the type, the boilers can be classified into flame tube and water-tube. The flame tube ones, focused in this study, are characterized by internal circulation of the combustion gases in operation with liquid or gaseous fuels. 
Flame tube boilers
The functionality of these boilers is restricted to the production of saturated steam. The work pressures are not high and possess limitations regarding the thickness of the outer wall of the side, once that the greater the thickness, the higher the pressure.
The flame tube boiler operation is characterized as simple, once it has few equipments to monitor the operation. However, this is the factor that favors the occurrence of accidents.
According to Mariajayprakash and Sesnthivelan (2013) this type of boiler leads the accident statistics in the world, since it is common the presence of negligence in its operating processes and maintenance. Industrial systems are periodically subject to deterioration in function of its use and life cycle. Thus, the insertion of a maintenance policy becomes essential in organizations to mitigate problems (Dohi et al., 2011) . Maintenance can be defined as "actions required to maintain an operating system or restore it to a satisfactory condition for performing their duties" 1 (Dhillon, 2013) . FMEA involves identifying each process step that may fail, then assigning rankings for occurrence probability, severity, and detectability. The "occurrence ranking" indicates how likely a failure is considered to be, and is related to the process capability indices. The "severity ranking"
indicates the potential impact of a failure. The "detectability ranking" indicates howlikely it is that a failure can go undetected until its full impact materializes. The three rankings are then multiplied, and higher total scores indicate higher risk (Wang, Chin, Poon, & Yang, 2009; Kenchakkanavar and Joshi, 2010; Chuang, 2010; Nassimbeni, Sartor, & Dus, 2012; Pan & Chen, 2012) . The process FMEA is shown in Figure 2 .
According to Fogliatto and Ribeiro (2009) , for FMEA's monitoring is necessary to understand the technique as a dynamic document that should reflect the latest versions of the process, as well as the latest actions taken, including changes adopted after the production start. FMEA is applied to map the possible failure modes and effects from an item -in this case study, the flame tube boiler.
In order to clarify the criteria for determining the Table I shows the indicators used in the application of FMEA.
FMEA uses a Risk Priority Number (RPN), to assess the risk level of a component or process, which is obtained by multiplying three factors:
probability/occurrence of the fault (O), severity of the fault (S) and probability of not detecting the failure (D) (Kumru and Kumru, 2013) .
A Pareto chart is generated based on their risk scores tabulated in descending order. This chart provides guidance for prioritizing risk response planning. The RPN pareto bar chart is plotted and contains values in descending order (Lee et al., 2012) .
Methods
The present work is categorized as an applied research. As for its goals, is characterized as an exploratory research. Thus, the method is characterized as a nominal qualitative case study, The shift begins at 6 a.m., and the system shutdown occurs at 10 p.m.
Results
Initially, it was identified a lack of standard procedure to the boiler's operation once the five operators use different procedures to operate the hospital's flame tube boiler. Accordingly, for apply the methods proposed in the study it was necessary to map the process for the steps to be focused on the boiler's risk study in order to establish an operation pattern. For the creation of these flowcharts it was used the brainstorming technique with the participation of the boiler's operators, the engineer of labor security and the researchers.
It was also necessary to set one stage of the operating process to the study application. Therefore, FMEA was taken for the stages of starting up and shutting down the boiler. To give visibility to the failure causes in the boilers' sector it was elaborated a radar chart (Figure 3 ).
From the flowchart and the knowledge of the system operation it was started the application of FMEA (Table II) 
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